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Canine/Premolar transposition is rare in both historic and 
prehistoric Homo sapiens with modern rates being less than 
one tenth of one percent. This thesis reports and describes 
a prehistoric population from one site (scrI-3) on Santa 
Cruz Island, California in which the rate of C/p^ 
transposition is greater than eight percent, based on nine 
of 106 adult crania which exhibit the anomaly either uni or 
bilaterally. This high rate appears to be due to a genetic 
anomaly which is temporally and geographically localized. 
As a means of investigating the etiology of this anomaly the 
location of the canine root in adult crania was studied. 
Root location should indicate tooth bud origin, a factor 
likely to be under genetic control. In crania with normally 
erupted canines, the superior portion of the root averages 
4.43mm from alare while this distance is 8.96mm for 
anomalous roots. This difference suggests that during 
ontogeny the tooth buds for the canine and premolar arose in 
the wrong (or reversed) places, causing the teeth to erupt 
anomalously.
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CHAPTER 1 
INTRODUCTION
Occasionally during the growth and development of the 
human dental arcade something goes awry, resulting in a
dental anomaly of one kind or another. Among the rarest of
these are transpositional anomalies, a condition in which
the positions of two teeth within the arcade are reversed. 
According to PindlDorg (1970) the occurrence rate for all 
types of transposition is 0.16 percent, with the teeth most 
frequently affected being the maxillary canine and third 
premolar. Accounting for 40 percent of transpositions, C/P^ 
transposition occiu's at a rate of 0.064 percent, making it 
extremely rare.
The purpose of this thesis is twofold : first to report 
and describe several cases of this type of anomaly that were 
found among a prehistoric population from site SCrI-3 on 
Santa Cruz Island, California; and second, to present
evidence that the cause of this anomaly is genetic and not 
the result of pressure from other disturbances of the dental 
arcade as others (Pindborg, 1970; Dixon and Stewart, 1976) 
have postulated. An analysis of canine root location is 
presented to show that the differential placement of normal 
and anomalous roots is real, s ggesting that the buds for 
anomalous teeth originated in a transposed posit 1 -i and then 
proceeded to grow and erupt normally, but in the "wr iig”
place. Following description of the teeth and tlie results
of the distance analysis, the discussion will address not 
only these specific instances of anomalous development but
also the genetic and physical development of the teeth and
paraoral structures, and how they also point to a genetic 
origin for transpositional anomalies.
Owing to its rarity, C/p® transposition has been 
lightly touched upon previously and is largely unrecorded 
in prehistoric skeletal material. Those works that do 
mention transposition (Dixon and Stewart, 1976; Kerr and 
Ash, 1978) generally deal with it superficially, lump it
with such things as supernumary teeth, or list it under the
broad heading of developmental disturbances.
At first it appeared that the anomaly was related to or
caused by other developmental disturbances as several of the 
specimens evidence dental crowding in various degrees and 
one (BMNH #SK 10120, F ig. 1) retains its Rdi^ (right
deciduous second incisor, see Chapter 3 for explanation).
However, upon closer examination it became apparent the 
transposition was caused by something other than pressure 
from other disturbances. First, one cranium, Lowie specimen 
#3999 (Fig. 2), shows no evidence of any disturbance besides 
the transposition, and second, the location of the canine 
roots differs between those that erupted normally and those 
that did not. Grossly, the roots of the transposed canines 
are obviously farther away from the nasal opening (F i g . 3).
Figure 1. Palatal view 
SK10120. Note Rdi- 
transposed canines.
of British Museum specimen 
retention and "pinching" of
3
?
Figure 2. Palatal view of Lowie Muséum specimen 3999 
Transposition is on the left side only. Scale in cm
t
Figure 3. Anterio-lateral views of right (top) and
left (bottom) maxillae of Lowie Museum specimen 
3963. Note that the left canine root is 
approximately twice as far from the nasal opening 
than is the root for the right canine. Scale in cm
of course, this latter state would be expected since tlie 
anomalous canines occupy a different location within the 
arcade. However, the roots are relatively straight as in 
normal teeth. A straight root is important because if the 
anomaly were caused by another developmental disturbance 
then the tooth bud for the canines would have originated in 
a normal position and, after growth had begun, the tooth 
would have been moved, via the forces involved in crowding 
or retention, to its anomalous position, causing deformation 
of the root.
Both of these points suggest other explanations for the 
origins of the anomaly. If the transposition appears with 
no other obvious developmental disturbance it seems unlikely 
that its source is related to disturbance of later tooth 
formation or eruption. Rather, the reason for it may be 
found earlier in the development of the maxilla, most 
probably at the time when the cells that would become the 
tooth buds were differentiating.
CHAPTER 2 
Santa Cruz Island 
GEOGRAPHY
Santa Cruz Island is the largest and most diverse, both 
geographically and ecologically, of the Channel Islands 
chain (see Maps; Figs. 4, 5). It is approximately 24 miles
long, east to west, and varies from two to seven miles in
breadth; creating an area of about 96 square miles. The 
Island topography consists of two east-west running mountain 
ranges which basically parallel the northern and southern 
coasts. The northern range reaches an altitude of c.2,400 
feet while the southern range goes to c.1,500 feet. The 
mountain ranges are separated by a large central valley.
The coastline is fairly variable with cliffs 
predominating along much of the north and south coasts while 
the southwestern portion of the coast consists of broad 
stretches of sandy beach. Around the island are also many 
sheltered coves which can be used as anchorages. Fresh 
water can be found throughout the island in the form of 
seeps and springs, many of which are perennial. There are
presently enough year round water sources that during
aboriginal times no point on the island was probably very 
far from potable water (Glassow, 1977).
Miles
Figure 4.
California with the Northern 
Channel Islands (Fig. 5) Highlighted,
8
Santa Barbara
SCrI-3
Anacapa
Santa Cruz rr ^5 mi.
Santa Rosa
N
Figure 5.
Northern Channel Islands.
FLORA AND FAUNA
The basic Island flora is one of (grassland broken by 
groves of live oak (Quercus spp.) on gently sloping alluvial 
terraces. The flood plain of the central valley has 
intermittent stands of mulefat (Baocharis vlmenea ) and 
willow (Salix spp.). The north slopes of both the northern 
and southern mountain ranges have groves of island pine 
(Pinus muricata) interspersed with grassland, as well as 
individuals or clumps of toyon (Herteromeles arbutifol1a ) , 
manzanita (Arotostaphylos insularis), and Catalina cherry 
(Prunus lyonii). Deep canyons frequently have dense stands 
of various species of oak which are thick enough to create a 
canopy.
The fauna1 assemblage of Santa Cruz Island includes 
only three indigenous species of mammal, excepting several 
species of bat, and one introduced mouse. Urocyon 
littoral is, the island fox, is quite prevalent as is the 
deer mouse, Peromyscus maniculatus. Less prevalent, though 
by no means rare, is Spiologale gracilis, the island or 
spotted skunk. Reithrodontomys megalotis, a species of 
harvest mouse, was introduced in historic times and can be 
found throughout the island.
Several species of shellfish are found within the 
intertidal zone surrounding the island. Mussels (Mytilus 
californianus) predominate on the rocky shores around the
10
island. Many areas, espeoially along the south coast are 
excellent habitat for black (H a H o t i s  cracherodi) and red 
(H . rufescens) abalone. Kelp beds can be found at many
places around the island and not only serve as habitat for 
rock/kelp fish but also attract harbor seals (Phoca 
vitulina) and California sea lions (Zalophus californianus ) 
which feed on the fish (Glassow, 1977).
THE PEOPLE
Historic and Protohistoric
Aboriginally the northern Channel Islands (Santa Cruz, 
Santa Rosa, San Miguel and Anacapa) and the Mainland coast 
were occupied by peoples speaking several dialects of the 
Chumash language, a member of the Hokan linguistic family. 
The area occupied by the Chumash was summed up by Kroeber as 
follows :
They held the three northern large islands of 
the Santa Barbara archipelago--Anacapa does not appear 
to have been inhabited permanently. They clustered 
thickly along the calm shore from Malibu Canyon westward 
to Point Concepcion and from there extended northward 
along the more boisterous and chillier coast as far as 
Estero Bay. Inland, in general, they reached to the 
range that divides the direct ocean drainage from that 
of the great valley; except that in the west their 
frontier was the watershed between the Salinas and 
the Santa Maria and short coast streams ; and in the 
east, some small fragments had spilled into part of 
the most southerly drainage of the San Joaquin-Kern 
system. The Carrizo plains are doubtful as between 
Chumash and Salinan and may not have contained any 
permanent villages (Kroeber, 1925, pp.550-551).
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According to Keizer and Whipple (1971) and Glassow 
( 1977) the Chiimash lived on Santa Cruz Island year round and 
spoke a separate dialect from those who lived on the 
mainland. Apparently the Island Churnash were socio­
political ly autonomous and to a degree ethnically distinct 
from the Mainland Chumash.
Although in many ways different from the people who 
lived on the mainland, the subsistence patterns of the Santa 
Cruz Islanders were similar. Except for large terrestrial 
mammals, which did not live on the island, both groups of 
native peoples exploited the marine resources of shellfish, 
fish, and mammals as well as terrestrial food sources such
as acorn, coastal sage (Artemisia californica), and, on the 
island only, the bulb of the perennial blue dick (Brodiaea
spp.) (Glassow, 1977).
It is apparent that well established trade networks 
existed between the island and the mainland. In return for 
shell beads and bladelets, made from local chert, the 
Islanders received meat and vegetal food stuffs from people 
on the mainland. The trading network was so well
established that some native islanders moved to and lived 
permanently on the mainland, apparently acting as 
intermediaries (King, 1976).
12
P reh i s to r i c 
Physical Anthropology
The physical anthropology of the prehistoric 
inhabitants of the Channel Islands has not been extensively 
studied. Recently however, Phillip Walker of the University 
of California at Santa Barbara and his co-workers have 
undertaken several investigations in this area. One of 
these (Walker, 1986) deals with SCiT-3 and concerns the high 
rate of porotic hyperostosis, specifically cribra orbitalia, 
that is found in skeletal samples from Santa Cruz and Santa 
Rosa Islands and the mainland. Approximately 17.5 percent 
of s e n -3 crania, from the same British Museum sample used 
in this study, exhibit cribra orbitalia. This indicates a 
high rate of anemia most probably brought on by exposure to 
contaminated drinking water, and the resulting diarrheal 
infections which were manifested primarily in young 
children. In conjunetion with contaminated water other 
factors which may have contributed to anemia include 
ingestion of fish and mammal-borne parasites, prolonged 
breast feeding, and weanling diarrhea (Walker, 1986).
Other studies by Walker include investigating dental 
attrition (Walker, 1978) and dental caries rates through 
time (Walker and Erlandson, 1986) as well as nitrogen and 
carbon isotope ratios in bone collagen (Walker and DeNiro, 
1986). The point of all three of these studies was to
13
elucidate information concerning the diet of the prehistoric 
inhabitants of the Santa Barbara channel area and its change 
over time.
Genetics
During the Early period occupations at SCrT-3 it is 
apparent that the island population was more isolated from 
those of the mainland and other islands than it was during 
the protohistoric and historic periods (Walker, 1978; King, 
1981; Morrato, 1984). The lack of a known sea going vessel 
in the archaeological record (the plank canoe does not 
appear until about 1500 B.P. (Walker, 1978)) would indicate 
that contact between the Islanders and other populations was 
probably infrequent. If little contact with other peoples 
was indeed the case on Santa Cruz Island then it is probable 
that the island held a population of relatively finite size. 
In discussing models of population genetics of isolate 
populations Cavalli-Sforza and Bodmer (1971, p.460) note 
that "a finite population is always subject to some degree 
of inbreeding because of its finite size". where there is 
inbreeding the chance of a recessive gene being expressed 
increases as in a case of C/p® transposition discussed by 
Feichtinger et al. (1977) in which three of eight siblings 
of a second cousin marriage exhibit the anomaly.
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One factor that may increase the chances of inbreeding 
in an isolated population is marriage practice. Although 
the archaeology of SCrI-3 cannot tell us much about marriage 
practices of the time, indications are that societal changes 
were few and it appears that there was approximately 7000 
years of U\ situ development (King, 1981). If this is the 
case then extrapolation backward from what is known about 
the Chumash is not as tenuous as might be expected. 
Protohistorically the inhabitants of Santa Cruz Island lived 
in villages made up of patrilineal descent groups that were 
virilocal. It is apparent that marriage rules consisted of 
lineage exogamy combined with village endogamy (Landberg, 
1965). Although the island area is relatively small, and 
therefore, exogamy might be expected, it appears there was 
intervillage animosity which led to frequent warfare, a 
situation which would preclude the practice of exogamy. 
Both Cavalli-Sforza and Bodmer (1971) and Reid (1973) 
indicate endogamy is an important factor in inbreeding. 
When combined with finite population size endogamy increases 
the probability of inbreeding to the degree that non- 
deleterious genetic mutations may become common.
All of these factors indicate that the peoples of Santa 
Cruz Island were a genetic isolate. Genetic isolation is a 
prime environment for the appearance of a recessive (and 
non-deleterious) trait such as C/P^ transposition, which is, 
in itself, an indication of this isolation.
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ARCHAEOLOGY OF SClT-3
The history of eichaeologlcal research on Santa Cruz 
Island is long and begins with excavations that took place 
during May and June of 187 5 under the direction of Paul 
Schumacher (Schumacher, 1877; Glassow, 1977). Although many 
sites on the island had been dug by both professionals and 
amateurs, SCrI-3 at Forney's Cove on the west end of tlie 
Island, was not excavated until 1927. During the summers of 
192 7 and 192 8 crews under the direction of Ronald Olson of 
the University of California, Berkeley excavated 16 coastal 
sites around the island (see map. Fig, 5) usually spending a 
week or more at each (Glassow, 1977; Morrato, 1984). SCrI-3 
was excavated during the period of July 12 to July 18, 1927 
(Olson, n.d.; Glassow, 1977). Glassow (1977, p.Ill) states 
that 102 single and multiple burials were recovered while 
Olson (1930 Table 4, p.14; Table 1, this paper) notes 107
burials. During the week at SCrI-3 Olson excavated 17 pits
in the cemetery area and noted 20 house pits (see map, Fig.
6). Following these excavations the Welcom-Moodie
expedition worked at SCrI-3 during September 1932. These
excavations were much less exact and the only written
records are a short (one and one-half page) paper, an
article in the Los Angeles Times Sunday Magazine, and field
notes. The excavations recovered 130 burials, all but 13 of
which are unprovenienced, and assorted artifacts (Glassow,
16
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Figure 6. Map of SCrI-3 (Adapted from Hoover, 1971).
Table 1
Classification of Artifacts with Burials
Materia]Ls from Cemeteries
Tentative period EarlyMainland
Inter­mediateMainland
Early island Intermediate 
to Late Island
Late 
M'land
Site number 2 11 1 1 159 162 3 83 83 81 100 82 135 138 1
Cemetery or pit numbers - - 1 2 - - . 2 1 - - - - - 3
Total burials 49 4 26 37 19 25 107 72 88 5 161 9 19 48 56
Morters 17 6 12 3 0 1 10 12 7 0 4 0 3 0 14Pestles 12 0 7 3 5 6 9 2 6 0 6 0 0 2 3Metates 0 4 0 0 0 0 0 1 0 0 1 0 0 0 0Mullers 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0
Pseudo-metates 1 0 0 0 0 0 2 0 4 0 2 5 1 7 2Flint points 21 ? 2 26 6 4 14 7 40 2 53 0 8 6 14Drills and Picks 0 0 1 0 0 4 2 0 15 2 13 0 1 7 1Perforated stones 0 0 0 0 2 14 21 16 9 0 11 0 1 5 0Charmstones 9 0 0 4 2 1 0 0 0 0 0 0 0 0 0Steatite pans 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5Steatite ollas 0 0 5 0 0 0 0 0 0 0 0 0 2 3 15Steatite bowls 3 0 5 3 0 0 3 0 1 0 1 0 0 0 7S^atlte beads, etc* 0 0 11 17 0 2 0 0 0 0 0 0 0 0 0Pipes 9 0 0 0 1 1 0 2 2 0 2 0 1 1 6
Whistles 0 0 0 18 0 0 1 0 8 0 6 0 0 0 1
Basketry 0 0 0 1 1 2 38 1 3 0 13 0 0 5 0Bone tools 2 2 9 9 12 3 89 18 57 3 42 0 8 14 8
Circular hooks 0 0 1 1 0 0 0 0 42 20 55 0 0 I 3
Straight hooks 0 0 0 0 0 0 11 0 13 4 4 0 0 1 1
Hallotls shell dishes 5 0 3 2 3 0 0 0 0 1 17 0 1 0 12
Hallot Is beads, etc* 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Limpet shell beads 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plsmo clam beads 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Other shell beads 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bone beads and tubes 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0
Bone pendants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
00
Table 2
Frequenoiea of Various Objects per 100 Burials
Site Number. 2 11 1 1 159 162 3 63 63 100 135 136 1
Cemetery Number 1 2 2 1 3
Tentative Period EarlyMainland
Intermediate
Mainland Early Island
Intermediate 
to Late Island
Late
M'land
Number of Burials 49 4 26 37 19 25 107 72 68 161 19 48 56
Morters and pestles 58 150 76 16 25 28 17 16 14 6 15 4 31
Metates and mullers 2 200 8 0 0 0 0 1 1 1 0 0 0
Pseudo-metates 2 0 0 0 0 0 2 0 4 2 0 0 0
Drills 0 0 4 0 0 16 2 0 16 6 5 14 4
Perforated stones 0 0 0 0 10 56 19 27 10 7 5 10 0
Charmstone6 16 0 0 0 20 0 1 0 0 0 0 0 0
Steatite ollas and pans 0 0 20 0 0 0 0 0 0 0 10 8 36
Stone pipes 18 0 0 0 5 0 0 3 2 2 5 2 10
Circular hooks 0 0 4 4 0 0 0 0 46 33 0 6 5
Straight hooks 0 0 0 0 10 4 10 0 14 3 0 2 2
Bone pendants 0 0 0 2 5 4 2 25 0 0 0 0 0
Inlay work 0 0 28 16 0 0 5 0 5 3 0 0 2
1977) .
The types and frequencies of artifacts recovered by 
Olson at SCrI-3 are reprinted here in Tables 1 and 2. In 
Olson's original 19 30 paper they were designated Tables 4 
and 5 .
The dating of SCrI-3 was, up until the late 1970's, 
based on artifact type. Olson (1930) by using artifact 
frequencies built a sequence of cultural changes that 
delineated Early, Intermediate, and Late Mainland periods as 
well as Early and Late Island periods (Fig. 7). On both the 
islands and mainland the Late Periods begin with the 
appearance of European artifacts. Expanding on Olson's work 
on Santa Cruz Island, Hoover (1971) combined it with other 
workers to create a comparative chronology for the Santa 
Barbara region (Fig. 8). This chronology placed the Early 
Island Period of Olson, to which SCrI-3 belongs, as lying 
between approximately 3500 and 4200 B.P., although Walker
(1986) notes a time range of 5000 to 4000 B.P. for the site.
20
Post-EuroDean
Late Mainland #
(Site 10 and 
Cemetery 3 
of Site 1)
Intermediate 
Mainland• 
(Sites 2,9 and 
Cemeteries 1 
and 2 of Site 
1)
Early Mainland
(Sites 3, 5* 6, 
6 , and 11)
Hypothetical
Archaic
Period
MAINLAND ISLAND
Island
sari y
sland
(Sites ,15,9, 62 and 
ceme­
tery 2 
of Site 
B3)
Figure 7.
Reconstruction of cultural changes (adapted from Olson, 1930)
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Figure 8.
Comaprative chronological sequences of the Santa Barbara Channel area (adapted from Hoover, 1971).
CHAPTER 3
Descriptions
This chapter contains descriptions of the nine 
maxillae in which the transposition occurs (see also Table 
3) as well as information concerning an tli r opo logical 
nomenclature used for the dentition.
For the five (of 50) specimens from the Lowie Museum, 
in which the entire skeletons were available, sex was 
determined by the sub-pubic angle, the sciatic notch, and 
the general robusticity of the skull. Age was estimated 
using epiphyseal fusion, cranial suture closure, and dental 
wear and attrition. with the 56 British Museum specimens, 
of which four are anomalous, sex and age are based on 
features of the skull and dentition as only the crania were 
present. All tooth wear numbers are based on Brothwe11 (see 
Fig. 9, reprinted from Brothwe11, 1981 Fig. 3.9).
Referential nomenclature for the human dentition, as 
used in anthropology, is based on the primitive primate 
condition which consisted of 3 incisors, 1 canine, 4 
premolars, and 3 molars (3-1-4-3). The abbreviated 
notations used by most physical anthropologists will be used 
here. In this system the first letter of the tooth name is 
presented in upper case and, in all cases except for the 
canine, is followed by a super or subscripted number which 
relates to its order, mesial to distal, among its fellows.
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Table 5. Data for the nine specimens that is not 
included in the descriptions
Specimen Ajrc Sex Transposition AML PML Pinching Fig.#
LM #3960 30> M Bilatéral None L l J ,  l p !J, lm3 , 
RP^, Rm3
Ï 12
IM #3963 15-20 F Left Side None LI^ Ï 3, 13
^  LM #3977 35+ F Bilateral hi}. Bi2.BMI, Lp3, RP3.LM' None Y 14, 15
LM #3994 15-20 F Right Side None LI*. Lp3 N 16
LM #3999 20+ F Left Side None None N 2
BMNH #SK10009 15-20 F Bilateral None LI*. LI2, hi*, 
RI2. Hm3
Y 17
BMNH #SK10012 45+ M Bilateral RpL RPff.RMS RM;, 
LP'*. LM%
RmL U*. HI*. HI2 Y 18
BMNH #SK10037 45+ M Bilateral rm3 , lm3 None Y 19
BMNH SK#10J20* 35-45 M Bilateral Lp3 None Y 1
♦ BMNH SK#1012G retains Its Rdl2. PML"Post -mortem loss. AML«Ante-mortero loss •
Age
period
(years)
Molar
number
About 17-25
M I M2 M 3
25-35
M l M 2 M3
33-45
M l M2 M3
About 45 +
M l M 2 M 3
Wear
pattern Or
* I
TK *r»
m»y I»
|ula*liin|c
3..
□□
□
J«*)rn  i o f 
in  tK(f p ffv o fu *  ci^urnii» '
a
A*# Very uney##al a##mr
l i i i m  ticcvtr» III l l i r  lai«*r
N o Enamel 
wear only
( 3 - )
(5 + ) ( 5 + + ) (6) (7)
w w
Unequal wear Down to Roots 
the neck only
Fi^re 9.
Numerical classification of molar wear 
derived from Medieval English dentition, 
(adapted from Brothwell, 1981 )
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Siiperscripting designates upper, or maxillary, teeth while 
subscripting designates lower, or mandibular, teeth. As 
only one-half of the arcade is described using these terms 
the tooth designation is usually preceded by an upper case 
R or L which indicates right or left. Deciduous teeth are 
indicated by using lower case letters. That the modern 
human dental formula of 2-1-2-3 varies from the primitive 
formula noted above can be explained by the fact that, 
through evolutionary changes. Homo sapiens no longer retains 
its I®, la, , Pt, P^, or P 2 . See Tables 4 and 5, and 
Figures 10 and 11 for further clarification.
DESCRIPTIONS 
LOWIE SPECIMEN 3960 (Fig. 12)
In this specimen the condition of the dentition is 
poor. There are fairly extensive interproximal caries 
between the P®'s and canines and on the M^'s. There is no 
evidence of crowding. In the area of the transposition the 
sockets for the P'̂ ’s are small and relatively shallow. The 
roots of the P®*s are not well developed and appear to be 
short. The canine roots are massive, long, slightly curved, 
and exposed. Although the roots of the P^'s are 
underdeveloped, what can be seen of the crowns, although 
carious, appear to be normal.
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Table 4,
Terms used to denote direction. 
See also figure 10.
Buccal :
Labial ;
Lingual : 
Mesial :
Distal :
Toward the buccal or cheek cavity of 
the mouth. Used for premolars, molars, 
and occasionally canines. Opposite of 
lingual.
Toward the lips. Used for orientation 
of the incisors and canines. Opposite 
of lingual.
Toward the tongue 
and labial.
Opposite of buccal
Toward the front of the mouth or the 
point where the median (mid-sagittal) 
plane bisects the maxilla between the 
central incisors.
Toward the back of the mouth or 
the median plane.
away from
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Labial
Mes ial
Distal
Lingual ^ Buccal
Figure 10.
Diagram of normal human maxilla 
with directions noted.
28
Table 5.
Tooth names and abbiaviations for maxillary teeth
See also figure 11.
Abbreviations Tooth Name
Central Incisor
Lateral Incisor
c Canine
Th i r cl P re mo 1 a r
Fourth Premolar
First Molar
Second Molar
Third Molar
29
RI
RI
RC LC
RP LP
RP LP'
RM
RM
m
RM LM
Figure 11 
Diagram of normal human maxilla 
with teeth named.
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Figure 12. Palatal view 
3960. Scale in cm.
of Lowie Museum specimen
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l o w i e  SPECIMEN 3963 (Figs. 3, 13)
In this specimen the condition of the teeth is 
excellent. There is no crowding except in the area of the 
transposition where the canine is positioned slightly 
labially to the tooth row and is crowded by the premolars. 
The LP'* is rotated approximately 30® posteriorly. Both 
canine roots are undeformed.
LOWIE SPECIMEN 3977 (Figs. 14, 15)
The condition of the dentition in this specimen is very 
poor. In general the anterior dentition is a jumble. The 
canines are massive. Their roots are extremely curved, to 
the degree that the left canine enters the arcade at a 30® 
angle and actually touches LI^ creating a triangular space 
where the LP^ was. The socket for the LP^ is very small, 
indicating that the tooth was reduced. The RP® was better 
developed than the LP®. The socket indicates that the tooth 
position was anterio-lingual to the RC and rotated 90®.
LOWIE SPECIMEN 3994 (Fig. 16)
This is another specimen in which the dentition is 
excellent. On none of the teeth is the wear greater than 3. 
On the left side the socket for the P® is lingual to the
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Figure 13. Palatal view of Lowie Museum specimen 
3963. This is the same, individual as in figure 3 
Scale in cm.
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Figure 14. Palatal view of Lowie Museum specimen 
3911. Scale in cm.
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Figure 15. Left lateral view of Lowie Museum specimen 
3977. Note the extreme angle of the left canine and 
the triangular space where the premolar was. Scale 
in cm.
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Figure 16. Palatal view of Lowie Museum specimen 
3994. The socket for the left premolar is lingual 
to the tooth row and rotated 90*̂ . Scale in cm.
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canine and rotated 90®. The rotation could be an effect of 
crowding but the gap between the and the canine is large 
enough to have accommodated the had it erupted correctly. 
The right side of the arcade is apparently perfect except 
for the transposition. The roots of the canines are well 
developed, with the root of the RC being straight and 
robust. The root of the LC however, is slightly curved in a 
posterior direction at the end, but is otherwise straight.
LOWTE SPECIMEN 3999 (Fig. 2)
With this specimen there is no evidence of crowding. 
In fact the anterior teeth are well spaced. Both the right 
and left canines appear to be straight and undeformed.
BMNH SPECIMEN SK 10009 (Fig. 17)
In this specimen the teeth anterior to the canines are 
missing. Wear on the remaining teeth are not greater than 
2+. On the left side the P® is rotated about 30® labially 
and is slightly lingual to the tooth row. The canine and 
are oriented normally and are in line with the M’-. The RP^ 
is rotated labially 40® and is lingual to the tooth row. 
Except for the canine, which is slightly labial to the tooth 
row, the rest of the arcade lines up normally.
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Figure 17. Palatal view of British Museum specimen 
SK10009. Pinching is quite noticeable in this 
individual.
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BMNH SPECIMEN SK 10012 (Fig. 18)
This is a very old individual. Although most of the
teeth are missing, and there has been some resorption, on 
either side the canine is the fourth tooth back from the 
midline. Also, the sockets that are on either side of the 
canines are characteristic of premolars. On the right side 
the socket for the P® is rotated 20° labially. The left 
side appears to have been normal except for the 
transposition.
BMNH SPECIMEN SK 10037 (Fig. 19)
This is also an aged individual. The wear on the teeth 
is extreme and both M s  are abscessed. There is slight 
crowding in the p^-c-p^ region on both sides. In this 
specimen the incisors have been worn down to the roots and 
there are sizeable gaps between the l®'s and P®'s. The 
canines are robust with long roots.
BMNH SPECIMEN SK 10120 (Fig. 1)
This individual is especially noteworthy because he 
retains the Rdi® which is located between the RI^ and RP®. 
It is possible that the Ldi® was also retained as there is a 
hint of a socket between the LI® and LP®. The remaining
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Figure 18. Palatal view of British Museum specimen
SK10012. Although this is an aged individual the 
canines are the fourth tooth back from the midline 
and the sockets on either side are characteristic 
of premolars.
40
Figure 19. 
SK10037
Palatal view of British Museum specimen
41
teeth are heavily worn and the LM^ is abscessed. The canine 
roots are long and robust. The ends of the roots make
fairly sharp medial curves that approach 90®.
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CHAPTER 4 
Materials, Method, and Results
The skeletal material recovered from SCrI-3 was split 
between the Lowie Museum at the University of California at 
Berkeley and the British Museum of Natural History. The 
transpositions were initially discovered among specimens 
from the Lowie Museum.
The method used to determine root placement is quite 
simple. From alare, generally defined as the most lateral 
point on the nasal opening, a line perpendicular to the 
midsagittal line was taken until it intersected a line from 
the center of the canine root at a right angle. The 
distance from this point to alare was measured (see Fig. 
20). The 32 measurements of normally-erupted canines are 
derived from fifteen Native American crania housed in the 
Physical Anthropology Lab at the University of Montana and 
the two non-anomalous canines from the SCrI-3 sample. 
Measurements were done with vernier calipers accurate to 
0.1mm.
After examining the material at Berkeley as well as 
that from the British Museum,a total of 106 crania were 
found in which tooth position could be determined. Nine of 
these exhibited the anomaly, resulting in the very high 
occurrence rate of 8.5 percent.
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Figure 20* Diagram showing derivation of 
canine root measurements. A«Alare; 
C«Canine root midpoint. See text for 
explanation•
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Results of the analyses of distance are shown in Tables 
6 and 7. The sixteen anomalously erupted canines averaged 
8.96mm from alare with a range of 5.9mm to 12.0mm. The 
sample of 32 normally erupted canines averaged 4.43mm with a 
range of 2.5mm to 6.9mm. The distance differential here is 
significant as the anomalous canines averaged twice the 
distance from the nasal opening as normal teeth, suggesting 
that the teeth not only erupted anomalously but that they 
originated and formed in this position.
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Measurements
distance
Table 6
of anomalous 
(in mm.) from
canines ; 
alare.
Specimen R i gî 11 Left
LM #3960 9 . 9 10 . 4
LM #3963 Normal 9 . 5
LM #3977 11.0 11.1
LM #3994 5.9 7 . 8
LM #3999 Normal 6 . 8
BMNH #SK 10009 8.0 7.0
BMNH #SK 10012 8 . 5 9.0
BMNH #SK 10037 8 .0 7 . 5
BMNH #SK 10120 11.0 12.0
Total Right = 62.3 
Total Left =81.1
143.4/16 X  = 8.96
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Table 7
Measuremeru.s of normal canines; 
distance (in mm.) from alare.
Specimen Right Left
UM a 21 4 . 9 5 . 2
UM #6178 3 . 2 3 . 6
UM #6906 4-9 4 . 1
UM =6907 3 . 0 5.3
UM #6912 6.9 6.3
UM #6913 4 . 9 4 . 5
UM #6914 5.3 5.4
UM #6915 5.4 4.3
UM #6916 4.4 3.5
24CB250 3 . 2 4.0
24RL11 4 . 2 3 . 9
UM unnumbered 4 . 8 4 . 5
UM unnumbered 4 . 3 2 . 5
UM unnumbered 5.5 4.0
UM unnumbered 4.0 3 . 8
LM #3963 4 . 5 Anomalous
LM #3999 3 . 3 Anomalous
Total Right = 
Total Left =
76 . 7 
64 . 9
141 . 6/30 X  = 4.43
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CHAPTER 5
Discussion and Conclusion
DISCUSSION
In support of a genetic origin for the anomaly is a 
report by Feichtinger et al. (1977) where they describe a 
case in which C/p= transposition occurred in three of eight 
children of a second cousin marriage. They conclude that 
"the pedigree fof the affected family] shows the typical 
hereditary pattern of an autosomal recessive trait" (p. 
1450). Pindborg (1970) also mentions two brothers who 
exhibit bilateral transposition, an indication that heredity 
might also have played a role in another case.
As for the SCrI-3 material several factors point to a 
genetic role and support Feichtinger et al. (1977) 
concerning the etiology of C/p® transposition.
1) All specimens are from one site and 
approximately the same time period.
2) More specifically, all are buried in 
the same general area within the cemetery 
with two of the nine being next to each 
other (Olson, n .d .). This close 
association might indicate the family ties 
which would be expected if we were dealing 
with the manifestation of a recessive 
trait.
3) The anomalous placement but normal form 
of the canine root.
4) The high probability that Santa Cruz 
Island was, to a degree, genetically 
isolated from surrounding populations
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Both this research and the pedigree analysis by 
Feichtinger et al. (1977) point to a genetic origin for this 
anomaly. However, two questions remain: wlien during the 
development of the maxilla does the transposition originate? 
and, are other pressures a factor? The answers to these 
questions lie in the formation and development of the teeth 
and paraoral structures, specifically in the areas of early 
embryonic development and eruption. These are the times in 
which genetic and developmental pressures exhibit 
themselves.
It is important to first note that the tooth and the 
structures that surround it are genetically determined 
units, each of which may affect the others’ growth and 
development. The teeth begin to form starting about the 
sixth week of embryonic development. At this time a 
proliferation of cells on the crest of the rudimentary 
maxilla produces a strand of epithelium known as the dental 
lamina. Bud-like swellings appear in about the tenth week 
as certain areas of the dental lamina proliferate more 
rapidly than others. These growths of epithelium are the 
beginnings of individual tooth formation and are the tooth 
buds for the deciduous dentition. It is after these primary 
teeth are formed that the dental lamina, developing in the 
same way as with deciduous teeth, produces secondary buds 
that will become the permanent teeth (Kerr and Ash, 1978; 
Cohen, 1984).
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Inherent in tliis process of tooth formation are certain 
developmental steps that lead to the formation of any organ, 
not just teeth. These steps involve a sequence of events
that includes induction of cell groups, cellular migration,
cellular interaction with a new "environment", and
differentiation into specific tissue types (Dixon and
Stewart, 1976; Kollar and Lumsden, 1979). It is during the 
second of these steps, cellular migration, that
transpositional anomalies are likely to originate. At this 
time moving epithelial cells "test” positional information, 
put out by the mesodermal cells over which they move, by 
matching protein chains. When they contact cells at the 
site for which they are programmed they stop. The mutation 
which causes the anomaly may lie within the mesodermal
organizer genes (Dixon and Stewart, 1976), in that the cells 
producing canine and P® placement proteins arise in reversed 
order along the developing maxilla, causing the canine and 
P® epithelial cells to attach in a transposed position.
Once these tooth cells have attached, they are set in
position and proceed to develop and grow normally.
Although it would appear that growth and developmental 
pressures would have an effect on tooth position, as it does 
in crowding, this explanation has some difficulties. Once 
the tooth has begun to grow, a bony crypt forms around it 
protecting it from external forces until eruption (Goose and 
Appleton, 1962; Cohen, 1984). As several of the SCrT-3
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examples exhibit various degrees of crowding and tooth 
rotation, conditions wliic:h are generally caused by other 
developmental pressures and which manifest themselves during 
the eruption process, it is easy to see how investigators 
might propose this as the etiology of transpositional 
anomalies. Dixon and Stewart (1976, Fig. 6-1; Fig. 21, this 
paper) 1 isted transpositional anomalies with impact ion and 
delayed eruption as conditions that develop during eruption, 
while Pindl^org (1970) mentioned cysts as one possible cause. 
Tn the SCrI-3 material there is no evidence of cysts of any 
kind and except for LM3994, in which the LP^ is lingual and 
rotated 90®, other developmental disturbances are minor. 
The one type of crowding that does appear in seven of the
nine crania results in the pinched appearance of the 
transposed canines in these specimens (Figs. 1, 12-14, 17-
19). This pinching can be explained easily if several 
interrelated factors are taken into account. First, the
canine normally erupts slightly buccally in comparison to 
its adjacent teeth, giving the impression of its being a 
"cornerstone" of the arch (Becker et al., 1981). Second, 
the reduction of the human face leaves a relatively small 
space for the growth of the human dentition. And third, the
teeth erupt in sequence.
The eruption sequence (see also Fig. 22) in the c-p^-p-* 
area is highly variable. For the Ten state Survey data
discussed by Smith and Garn (1987) the eruption sequence
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DEFICIENT DEVELOPMENT GROWT:i 1.1 AGES EXCESSIVE DEVÉI O r  .1ENT
Anocf'jnitia
HypodOO*'T
Congenital absence  
Fusion iNITl/̂TiON
P R O LIFE r'X T IO N
Supernum erary teeth  
NatTi teeth
Epithelial rests 
Gem ination
Hypoplastic type 
A ’̂ e 'ogenes 's im perfecta
O tatincgenesis im perfecta /
Peg lateral iis c is to
M ulberry m o ic s
•“•'jtchtnson's 'ncisors
Microdor-tia
■ : : W Ê B
HIST0DtFF£RCNT)AT10N
J
Tuberculatcü ',-.S|u' 
Carabeili z cusp
M aero donHau 
T au ro ac m ia
Dens in j<rnte
M O R P H O D iffe '''£ N T !A T !O N
Figure 21.
Figure 6-1 from Dixon and Stewart, 1976.
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DEFICIENT 06VELOPM ENT GROWTH STAGES EXCESSIVE DEVELOPMENT
Ennrnoi hyncplasiaSystemic
Loca’
Deotmodvso'asias
Hyp^caif ‘ .ed type 
Amelooeoos's mperfecta
MctHed enamel
Interg* ■'hijiar dentin
APPO SITIO N
f  V .  A,.# # %
C A LC IF ICATIO N
Enamet pearis
Hypercementosis
Odontoma
Sclerotic dentin
A n<','iosiS
T 'rac tio n
Trdf*«oosition
O e«a\ed eruption
ERUPTION
Figure 21, continued.
Neonatal teeth
Precocious eruption
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•••
5 MONTHS 
—. IN UTERO 
“ I it Z MOS )
I 7 MONTHS 
^ IN UTERO
2 YEARS
• • • ( ±  2 M OS)
% ^ -----------------   BIRTH
( ±  2 MO S )
6 MONTHS 
( ±  3 M O S )'CIS3©!©'®
9 MONTHS
I YEAR 
(1 4  MOS )
3 YEARS  
( ±  12 MOS )
4  YEARS  
( ±  12 MOS )
16 MONTHS 
it 6 MOS
Figure 22.
Tooth eruption chart, deciduous dentition is 
stippled (adapted from Ubelaker, 1978).
Q
5 YEARS  
{ t 16 MOS )
6 YEARS  
( ±  2 4  MOS )
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ô
%
7 YEARS 
( ± 24 MOS ) ^
8 YEARS 
( ± 2 4  MOS )
9 YEARS 
( ± 2 4  MOS )
10 YEARS  
( ±  3 0  MOS )
Il YEARS 
( i  3 0  MOS )
12 YEARS 
( t 3 0  MOS }
;  15 YEARS  
{ t 3 6  MOS )
21 YEARS
35  YEARS
Figure 22, continued.
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for the entire data set is p^-c-p**, a 1 though for the white 
males subset the sequence of P^-P^-c occurs 5 7% of the time. 
Both Jaswal's (1983) study of the Khasis of India and that 
of Mayhall et al. (1978) of Inuit children indicate an 
eruption order of P^-P^-c. if we are to consider the 
sequence P^-P^-c "normal", though variable, this would 
create a situation in which the normally growing (but 
transposed) canine must find space between the already 
erupted premolars. As this space may not fully be there,
the canine would be forced to erupt noticeably buccally to 
the tooth row. Therefore, this type of crowding, and 
probably any other abnormal crowding that affects the 
transposed teeth, is, if anything, a consequence of the 
transposition, not a cause.
One interesting facet of C/p^ transposition is that it 
runs counter to one of the most prevalent, though embattled 
(see Kieser, 1986), current theories of dental development. 
Butler (1939) basing his work on biological field theories 
developed by Huxley and de Beer (1934), proposed that teeth 
develop in concert with specific developmental fields. In
this theory there are three dental fields, incisor, canine,
and molar, in which teeth of a specific type develop. Each 
field is anchored at a center point, M^ for example, from 
which the fields influence wanes the farther from the center 
development takes place (Butler, 1982; Kieser, 1986). In
this model the is variable, which it is, because it is
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distant from the center of the field. Inherent also in this 
model is the idea that a fields influence ends at the border 
with a different field. In other words, canines are not 
affected by the molar field. If this were the case c/pa 
transposition could not happen, but because it does the 
validity of the field theory is thrown into question.
CONCLUSION
As far as the direct mechanism for the expression of 
the anomaly is concerned the position of Feichtinger et al. 
(1977), that it is the man i f es t at ion of a recess ive trait, 
seems likely to be correct. The population from which the 
SCrI-3 material comes was probably not large and was also 
relatively isolated on the island (Olson, 1930; Heizer and 
Whipple, 1971; Glassow, 1977). These factors could increase 
the probability of inbreeding, and therefore, raise the 
chances for the expression of a recessive trait such as 
canine/third premolar transposition.
When the existence of this anomaly at a high frequency 
in a small group Is combined with the results of the canine 
root measurements, the pedigree analysis by Feichtinger et 
al. (1977), and an understanding of how the teeth and 
paraoral structures develop, the only plausible conclusion 
seems to be that transpositional anomalies are genetic in 
origin. As it appears that once the cells that are to
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become specific teeth locate along the developing dental 
arch, they are fairly impervious to exteinal developmental 
pressures, it follows that these external pressures would 
have little or no effect on a genetic anomaly such as 
transposition. This is supported by the SCr1-3 material in 
which the large difference in location between normal and 
transposed canines, as well as the undeformed nature of 
their roots, indicates that the transposed teeth developed 
and grew in their reversed position.
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GLOSSARY
Apposition: The growth of successive layers of the
developing tooth.
Dental Lamina : Strand of epithelium on the crest of the
rudimentary maxilla from which the teeth 
grow.
Differentiation: The appearance of functionally and
morphologically distinct cell types.
Epithelium: Membranous tissue, usually a single cell
layer, forming the covering of most internal 
surfaces and organs. The outer layer of the 
developing Maxilla.
Histodifferentiation : The bell stage of dental development.
Disproportionate proliferation of the 
developing tooth, following the cap stage. 
The disproportionate nature of this segment 
of proliferation creates a bell shaped 
structure that continues to increase in size 
and morphological complexity until the basic 
crown form is completed.
Induction: A process by which certain cellular groups
mediate and direct the differentiation of 
adjacent cellular groups.
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Initiation : The bud (first) stage in dental
development. The initial proliferation of 
cells that will lead to the formation of 
teeth.
Interaction: Process in which different cells join. In
early dental development the time at which 
the mesodermal cells match protein chains 
with cells of the dental lamina.
Mesoderm ; Mesodermal cells: The embryonic germ (cell) layer
from which develops connective tissue, 
muscles, and the urogenital and vascular 
systems.
Mesodermal Organizer Genes: Genes which control the
location of cell surface proteins on 
mesodermal cells. Aberrant cell surface 
proteins could lead the epithelial cells to 
attach in the wrong place.
Migration: The movement of cells to a designated
location where they proliferate and grow into 
specific tissues or organs.
Paraoral: Near or beside the mouth.
Proliferation: increase in the rate of cell growth in a
specific area. It is the beginning of a
specific structure or organ. The cap
(second) stage of dental development.
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Supernumciry Teeth: Extra, usually out of place, teeth; ie.
a third canine growing in the roof of the 
mouth.
Tooth Bud: The beginnings of the formation of an
individual tooth. They begin as knoblike 
invaginations on the lateral surface of the 
dental lamina.
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